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THE BELT METHOD FOR MEASURENG PRESSURE DISTRIBUTION

By Blake W. Gorson, Jr.
SUMMARY

The measurement of pressure distribution may Dbe
accomplished rapidly for any ¢tanmber of locations deemed
necessary in model or full-seékle inwestigations by use
of the "belt! method. Reasomable accuracy may be ob-
tained by careful use of thig method.

i

INTRODUETION
¢

In wind-tunnel izcvestigattion of engine cowlings it
ig desirable to obtain a cled®r pictwre of pressure dis-
tribution everywhere in the vicinity of the engine instal-
lation. The importance of pressures within the cowling
which bear directly on engine cooling is obvious. Of
equal interest are the pregsures over variouvs regions of
the cowling exterior in that these affect the internal
pressures available for engiie cooling, indicate drag
gualities associated with external flow, and determine the
critical compressibility speed.

Full-scale engine nacelle ingtallations recently
tested were not provided with surface pressure orifices.
If such provisions had veen made, the time and expense
for installing a .satisfactory number of oressure orifices
would have been excessive and the time required for con-
necting and disconnecting their leads whenever the cowling
had to be removed would have made their use impractical.
If extermnal pressure digtributions were to be measured,
it would have to be by a quiekly applicable method.

Since vressure measurements were desired at a large
number of points, and inasmuch as surface pressure orifices
were migsing, these measurements could have been made by
the vse of a "mouge.! However, the time lost during the
shutdownsg that would have beem necessary for the relocation
of the mouse made this method prohibitive also.
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DESCRIPTION OF 'YBELT" METHOD

The construciion of a2 wouse suggested thae use of a
belt of smeli-diameter copper tubes, sweated together,
each of which is provided with a single orifice at a point
where the pressure measurement is to be made. All of ithe
tubes are sealed at ones end a=nd connected to manometer
leads at the other. §uck a belt may readily be placed at
any location that tle “easa*ement of a pressure distrivu-
tion ig desgired. .

Since the application of a bel % to the surface of a°
body in effect changes the shape of the body, it is real-
ized tanat the pressvre digtridbution over the body near the
belt will be altered by its presence. Onrn the other hand,
the use of the Dbelt wmethod permits a means for obtaining
a2 pressure distrioution over a large area during a single
raun. Alteration to the model.is inconseguential. The
belt may be easily moved from one region to anotaer on the
model and may be discarded entirely upozn completion of
pressure-distribution measurements, leaving no impedimenta
on the model to interfere with subsequent tests.

DESCRIPTION OF TEST

In order to ascertain the feasibility and reliabil-
ity of this wethod for measuring pressure digtridution,
a brief test was made toydetermine the eztent of agreement
between a Dressure distribution measured by the belt
method and one measured by the use of surface.orifices.
These tests were conducted in the WACA propellér-research
tuvnnel usinz a body of revoluuion as the model on which
the pressure dissributions were measured.

A Uhotograoh of the belt installed on the model is
shown ia figure 1. Figure 2 is a sketch showing the con-
struction of the belt. -The model used as a subject had
17 surface orificees in a plane on its uwpper svrface. The;
pressure belt was rade with 19 tubes, dut the extreme
tube at each edge was not used. A single orifice wag made
in each tube. Orifices were located at distances aft from
the leading edge to correspond’avproximately to the surface
orifice locations on the body. OCopper tubing of -0.040-inch
diameter was used for the velt, which when completed was
about 3/4 inch wide. .. PThe maximum diameter of the model was
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approximately 21 inches. The leading edge of the belt
was screwed to the interior ﬁurface of the lip, the belt
was then best to conform snugly with the surface of the
model and was secured at the strailing edge with Scotch
tape. The belt was located approximately € inches to one
side of the plane of the surface orifices.

Lid

The leads from the presgure belt and the surface
orifices were connected to the same multivle manometer
and a simultaneous reading mage at an airspeed of approx-
imately 100 miles per hour.

DISCUS3ION OF RESULTS

The results of the tests are shown in figure 3.
Pregsures were plotted directly in inches of alcohol,
the plot showing variation of pressure with distances
from the leading edge of the body. It can be seen that
tnere is good sgreemeat betwelen the presgsure distritution
measured with the pressure belt and that obtained with
the gurface orifices. It i3 bPelieved thrat for maay inves—
tigetions the slight loss of accuracy incurred by the use
of a belt for meastriayg pressure is more than offset by
the simplicity of its svructure and application.

Several factors should be considered in the fabrica-
tion and use of such a belt.  The maximum permissible
diameter of the corper tubes used for makinz the belt de-
pends on the diamster and shape of the body orn which the
belt iz to Ve unesed. Ho tesis have yet been made to esiab-
ligh $taig relation. The curvature of the gurface probabvly
affects the »elizhility of pPreesnure measurements by the
belt metnod. In the subject tests the air ficw at the
body surface was oarzllel to the tubes compriging the
belt. It is for thig i;pe of apvlication that the belt
method is iatended. Brror would very likely be incurred
by obligue flow over the belt.

No atteumpt iz mads herz to descrive refirements of
fabricatioa or to mciut ovt the possible uses for the Dpelt
method. The test described demonntraites that the belt
method used with diseretion will give a measuremsnt of
pressure distribution closely apnroximating that obtained
from the use of surface orifices.

Langley Memorial Aeronautical Ladoratory,
National Advisory Committee for Aeronaunitics,
Langley Field, Va.




Figurel.- Installation of belt for

measuring pressure distribution.
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frogure 2 - Experiments! Fressuwre Se/t [or
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